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carbon monoxide (CO) and hydrogen (H,). lt is typically formed by oxygen-deprived

combustion of the hydrocarbon gas. The following reactions are exemplary of these
20 well-knowr; processes:
CO + H, — liquid hydrocarbons (Fischer-Tropsch process)
CO + H, = CH;OH and/or other liquid hydrocarbons (Mobil Process)
Because of the extreme thermal operating conditions, syngas reformers are
massive to build and are expensive to operate. GTL plants, in order to be
25 commercially viable, neéd to be very large and complex. High operating energy
consumption is required for gas compression and heating, and accounts for
approximately 60-80% of all costs for fuel produvction by such methods.
Furthermore, generally expensive reformation catalysts are Qsed in all stages of the
conventional processes, and require catalyst recovery from the systems.
30 Another approach to the conversion of light hydrocarbons to liquid fuels is
via a non-thermal plasma-assisted method. U.S. Patent No. 7,033,551 (the '551
Patent) discloses a reactor system having an electrochemical cell and a dielectric

barrier discharge, where the formation of liquid products occurs primarily through
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source (hv) provides the requisite energy, as described by the '551 Patent:
\ hv + RH — Re + He (2)

20 The large activation energy requirement for reactions (1) and (2) is due to energy
state of the unactivated hydrocarbon molecule lying at a level that is much lower
than the energy state of its dissociated components. Each bond breaking event
(i.e. dissociation) through electron impact takes place only via electronic state
excitation, and in doing so consumes a significant amount of energy. Taking into

25 account the energy released on reformation of higher hydrocarbons (reaction (3))
after the dissociation reactions above:-

2Re - R, (3)
the energy consumption for the process typicelly is higher than 100 KW * h per 1
kg of the end product.

30 U.S. Patent No. 6,375,832 (the '832 Patent) discloses the synthesis of liquid
products under the action of a barrier discharge, while the use of a catalyst is
optional. In the synthetic process described by the '832 Patent, oligomers of

hydrocarbon radicals are produced as a result of dissociation of the feed gas, and
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I n sorreConséquentIy, the specific ener%y consumpti%n for the production of liquid '
15 products commonly exceeds 100 kKW * h per 1 kg of product. Another significant
limitation of the barrier discharge plasma-assisted methods is the low current
(103-10"% A/cm?) and power density of the barrier discharge plasma (1-10 W/cm?),
which reduces the capability of the reactor systems. Furthermore, the above
plasma-assisted methods control only the feed gas temperature.
20 DISCLOSURE OF INVENTION
In one aspect, a process is provided including introducing a gaseous
hydrocarbon into a reactor including a plurality of first electrodes individually
connected to a pulsed, high-voltage power source, a plurality of second electrodes
that are grounded, and a trough, where the plurality of first electrodes is separated
25 from the plurality of second electrodes by a discharge region; introducing to the
trough a liquid sorbent; generating a non-thermal, repetitively pulsed gliding
discharge in the discharge region; and producing a liquid hydrocarbon composition.
According to one embodiment, a level of the liquid sorbent in the reactor is
maintained in close proximity to the discharge region. In some embodiments, each
30 of the plurality first electrodes are connected to the pulsed, high-voltage power
source via a capacitor. In some embodiments, a duration of a single pulse of the
non-thermal, repetitively-pulsed gas discharge reactor is less than 100 ns. In some

embodiments, an electric field strength inside the a non-thermal, repetitively-pulsed
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In some embodiments, the liquid hydrocarbon composition includes

20 saturated hydrocarbons and a specific energy of the non-thermal,

repetitively-pulsed gas discharge is about 0.5 J/cm? to about 2 J/ecm?® per pulse.

In some embodiments, the liquid hydrocarbon composition includes olefins and the

specific energy of the non-thermal, repetitively-pulsed gas discharge is about 2

J/cm3 per pulse. In some such embodiments, the reactor includes a solid catalyst

25 including a zeolite, a oxide of an element of Groups 1B, IVB, VB, or VIB groups, an
element of Group VIIIB, or a mixture of any two or more such materials.

In some' embodiments, the liquid hydrocarbon composition includes
hydrocarbon oils, and the specific energy of gas discharge is from about 2 J/cm®
to about 2.5 J/cm? per one discharge pulse. In some such embodiments, the

30 reactor includes a solid catalyst including a cation, a metal oxide, a complex of an
element of Groups lIA, IlIA, IVB, VB, or VIIIB, or a mixture of any two or more such
materials.

In some embodiments, the gaseous hydrocarbon also includes O,, and the
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I n sonmergidaglsnents, the reactor also includes a liquid sorbent reservoir.

I n some enbodi nents, the reactor also includes a receiver. In sone
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is configured to have an electric field strength inside the non-thermal,
repetitively-pulsed gas discharge reactor of less than 8 kV/cm. In some
embodiments, the reactor is configured to provide a discharge having a specific
energy of from about from about 0.1 to about 5 J/cm?.

25 In some embodiments, the plurality of first electrodes and the plurality of
second electrodes are mounted to a reactor body. In some embodiments, the
plurality of first electrodes and the plurality of second electrodes are arranged
annularly mounted to a reactor body. |

In some embodiments, the trough is formed in the reactor body in a ring or

30 an polygonal configuration. In some embodiments, the trough includes
polytetrafluoroethylene. in some embodiments, the reactor body also includes one
or more radial channels connecting the trough to a central region of the reactor
body.
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FIG. 5 is a schematic diagram of the reservoir and liquid flows, according to
various embodiments.
FIG. 6 is a perspective illustration of the exterior of a gas discharge reactor,
according to various embodiments.
20 DETAILED DESCRIPTION
In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically
identify similar components, unless context dictates otherwise. The illustrative
embodiments described in the detailed description, drawings, and claims are not
25 meant to be limiting. Other embodiments may be utilized, and other changes may
be made, without departing from the spirit or scope of the subject matter presented
here. The present technology is also illustrated by the examples herein, which
should not be construed as limiting in any way.
Provided herein is a device and process for preparing liquid fuels from
30 natural gases using a non-thermal pulsed gliding electrical discharge. The liquid
fuels are formed from the natural gases using vibrational and rotational excitation
of the gas molecules, as set forth for example in reactions 8-10:
e +RH->RH" +e¢ (8)
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The process illustrated by reactions 8-11 is a chain reaction mechanism that
results in the formation of R,. Such a chain reaction mechanism differs from the
short-path dissociation-reformation mechanisms illustrated by reactions 1 and 3 in
the barrier discharge plasmas. Moreover, reactions 8-11 occur at lower activation

25 energy than the dissociative process of the barrier gas discharge processes. The
activation energy required by the chain reaction mechanism embodied herein is
lower than the barrier gas discharge process by several times, or even by several
orders of magnitude, depending on the particular reacting species. The chain
reaction mechanisms also provide for a constant amount of free radicals in the

30 plasma for the entire period of the gas discharge action.

The parameters required by the devices to generate the non-thermal pulsed
gliding discharge described herein, differ significantly from the parameters required

for barrier discharge systems previously described. For example, the electric field



Tabl e 1. Conparison of plasnma paraneter exanples for barrier discharge and
non-thermal pul sed di scharge conditions. Paraneter Barrier discharge
Non-t her nmb 2pul®emedi scharge El ectric field strengh 30 ¥frmu2Biokvémsm Pul se
duration 10-8 s 10-7 s Current 0.1 A 1.25 A Energy deposition in one

di scharge channel 3.0 x 105J 10-3J

strength required in the non-thermal pulsed gliding discharge is approximately 26%

that of a barrier discharge, yet the energy deposited into one discharge channel is

about 3,300% higher. Thus, the present non-thermal p_ulsed discharge provides for

a greater capability than the barrier discharge systems. Table 1 lists several
5 examples of such parameters.

Table 1. Comparison of plasma parameter examples for barrier discharge and

non-thermal pulsed discharge conditions.

. . Non-thermal pulsed
Parameter Barrier discharge discharge
Electric field strengh 30 kV/cm 8 kV/cm
10 Pulse duration 10%s 107 s
Current 0.1A 1.25A
Energy deposition in 5 3
one discharge channel 8.0 x 107J 107
15 Thus, in one aépect, the present technology is directed to a device and a

method for the conversion of normally gaseous hydrocarbons to normally quhid :
hydrocarbons using a non-thermal, repetitively pulsed gliding discharge. The device
includes a reaction chamber having a plurality of first electrodes, which are
connected to a high voltage pulsed power supply, and a plurality of second

20 electrodes, which are grounded. The first electrodes and the second electrodes are
separated by a discharge region, or gap. The first and second electrodes are
arranged in pairs, such that for each first electrode a second electrode is located
on the opposite side of the discharge region. m some embodiments, the first and
second electrodes are pin electrodes. |

25 The discharge region is located in close proximity to a trough which contains
at least a liquid sorbent. When a high-voltage potential is applied to the first
electrode, a discharge results within the discharge region. The discharge then
propagates from the first electrode to its paired second electrode. The propagation
of the discharge is along the surface of the liquid sorbent, or within close proximity

30 of the surface of the liquid of the liquid sorbent. Because the discharge is said to
propagate from the first electrode to the second electrode in a sliding, or gliding,
fashion along the surface of the liquid sorbent, such a discharge is herein termed,

"a gliding discharge.” To maintain the discharges, the high-voltage potential is
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acconpani ed hyaggitiohytsithe eléetrodssiahd tipugr, ghe neaditon chamber also includes
20 a gas inlet for the introduction of gaseous hydrocarbons to the chamber in which
the discharge occurs; a liquid sorbent inlet and outlet through which the liquid
sorbent may be circulated in the trough; a product outlet; and a vent through which
gases may be vented from the chamber. The reaction chamber geometry and
design is not particularly limited and may be, but is not limited to, an annular (i.e.
25 circular) arrangement, polygonal (i.e. triangular, square or rectangular, pentagonal,
hexagonal, etc.) arrangement, a linear arrangement, or other arrangement as may

be designed.

In various embodiments, the device may also include a gas source that is in
communication with the reaction chamber and a meter for determination of flow of
30 the gas to the chamber. The device may also include a fluid pump for circulation
of the liquid sorbent. The device may also include a collection, or product reservoir.
The device may also include devices for capturing, or scrubbing, vent gases from

the reaction chamber.



15 of collisions between particles, in particular, between electrons and
heavy positive ions or neutral particles, leads to rapid redistribution of
ener gy sowbhatydbmssnodynani ¢ equilibriumis reached. Thesy/Ru2e10le0032r at ur e
in the discharge region is uniformy v:qu high for all particles. In
addition to the el ectrodes and trough, he reacti on chanber al so incl udes
20 a gas inl g gufsgﬂ He&in, mé@Hﬁiéﬁé&fS otﬁlédf@rcfééggﬁ &Pré&fr BRamber
in which the discharge occurs; 1 qui so ent 1 nlet an et t rough
whi ch t bee thogd tHgkbhpdrocantagn hmatanadmtraateﬁklstnmtmne gasems statprabciigndanat | et ;

chanber FYBBREAIEL 2Rd RIBSP R reaint I PEafEion JateiAls cie drBicAtY DL o i o
not |'i nmh{8fbdaPboAd VY Fforhi offe 185fdir’ EAMHRIN a%rggggggf‘ef%’mﬁl@ YaRmalight - e-

triangul ar, square or rectangul ar, pentagonal

ar r ahgehyatocaabon neaterigls amgan'mnlqde)r bot lace notr imjtede to, m;etnayeb@ttjelse,gned

I nbodi d I i ncl ud that is i
communi BRI NG FsRaa G GAE DUFNe, Sred SRSt SToh MAASE fabreor
f1ow of s36h EBMERMS? It §6menanbedimding, By gt woaéﬁdbdsnﬁbv% tﬁo&élﬂh@lt purrp

for circulation of the liquid sorbent. The device may al so include a
col | ect Bshasseciptestwith natssalvoas or Tilepsuationmwy arespraduckddas dexascdsot or

capturi ) fromthe reaction,chanber. WO
2011/ 09%%@3@@%&% i%?u'%? gas&eq&sg& q{eg%n%ratlpﬂe term "gaseous
hydngcar bonswithyut beasy BsuRMBYOEROPPNBIs BEIRvVERGRAT Whehtsutmatsidle @nter

materials that exist in the gaseous state at standard tenperature and

Ergssurthe TerRctiaryabamper aawt B sHRiastedite aaﬂ@nttiflﬁlf@@ﬂ gfidinandischerge., thle )
5’ hyar olR oA SmPlr 1 STESS, ristbeafifi b SfPed bl TR gl rdnd ™

et hane, vipratigdly, bubdt an&nargP1due] angt isaied sbﬂiffdleﬁutoalhﬂne@iatélyrﬂub&&treetf@f any
two or nore such conpounds. In sonme enbodi nents, the |ight hydrocarbons nay

be t hosBopdgef Hrea"m@&eaﬂt@dowcmfr%&—ua@pab%@teﬁ Isteagy Bruebraipnadlly aade
|
b *Sdhefouffiofalioticidl Mitlldols ARTRAH LIRS, oMo, ARl M TorfhTydiion *°

such mahgdic@iasbers ofa mh@amm @nchWﬂﬁfseaﬁdt forth snbgactios 801 Rand 12.

non- ther mal gliding discharge, the nolecul es of the aseous hydr ocar bon are
excited B%tmg?%rt EY Qeare9ns Squmﬁq diayve ffomptive 4@ §loSrel that is
not sufficie 0 {mﬁgl t oni c
or free-radi ggﬁnstwell b%t'ﬁg% }esggHB a'??%ﬁg\ @ec} n‘%tq@é%ﬁ%ﬁl}%ﬁa d

exci t edthesired ulrepetititety amulsadtghd]ng dwchbaje tmof/miem fmrgbestéw-dnsmacbams vi a

ns such as those orth in reactions 8-11 and 12. The, hi gher
hydE@ Bt megharin, Lovv (AP to NigBenerear hyArarashen producta\@s n,

vv'thout.||9§1ra&d)9weaewoﬁ§1eof abav Sad'pﬁ; avednblegy, the described

non-t her ma repetitively pu |sc arge provides for a

step-wi se, chain 20 formation Hﬂﬂhiael SenHRHJmHew order to(&i)gher order
hydr ocar bon products as Ill"ﬂft rat ed 't;'y reacti ons 8-11, above, and 8'-11',
bel ow. HRH + e- -> HRH * + » 3 HERAH + H iR RH $992(9' ) HR-RH +

e- -> [HRRH * + e-(10") ZﬁHPHH +H [ERaRARH] - e HR R R fph2( 1 1

25 HRH" + [HR-RH] * - HR-R-RH + H, (117
Thus, hydrocarbons, HRH and HR-RH, are excited both vibrationally and rotationally
by the electrons of the gliding plasma, reactions (8') and (10'). These excited
hydrocarbons may then interact with other excited hydrocarbons thereby forming
higher order hydrocarbons, reactions (3) and (5). The energy of the gliding plasma

30 is adjusted such that immediate and complete ionization, or free-radical formation
from the gaseous hydrocarbons upon contact with the plasma is avoided, or at
least minimized. When the higher order hydrocarbons, illustrated as HR-RH and
HR-R-RH, reach sufficient size, they fall, or condense, from the plasma as a liquid
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present technology 1I's not based upon ectric barrier
The ionized or free-radical species are then re-formed into higher order
hydrocarbon products.
Thus, in some embodiments, the plasma generated in the gap between the
25 first electrode(s) and the second electrode(s) is not generated in a dielectric barrier
discharge. Further, in some embodiments, there is no dielectric oxide material,
such as quartz; or materials such as zirconia, alumina, glass, and the like, in the
region between the first and second electrodes. Hence the plasma generated by
the present technology is not based upon a dielectric barrier discharge.
30 Furthermore, the non-thermal gliding plasma provides a mechanism through which
reactor efficiency may be enhanced due to the ability to use gas mixtures having
a higher power density than conventional syngas or CO, feedstocks.

The liquid hydrocarbon products may include a wide variety of fuel products
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30 desired reaction pathway can be controlled. However, as is typical for non-thermal

plasmas, the electron temperature, T, is high. For example, in some embodiments,
T, is greater than 10,000K. Thus, the desired T, may be selected by appropriate

control of the specific energy of the plasma to about 0.1 to about 3 J/cm3. In
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is fromabout from about 2.0 J/cn8 to about 5 J/cnB. For the
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less t h(El)re]tween the electrodes is less than 10 kV/cm. In other embodiments, the electric

field strength between the electrodes is less than 8 kV/cm. In other embodiments,

the electric field strength between the electrodes is from about 5 kV/cm to about

20 10 kV/cm. In yet other embodiments, the electric field strength between the
electrodes is from about 5 kV/cm to about 8 kV/cm.

The specific energy of the non-thermal plasma generation may also impact
the types of liquid hydrocarbons that are produced by the non-thermal, repetitively
pulsed gliding discharge. For example, the specific energy of the system may be

25 varied to produce saturated hydrocarbons, olefins, hydrocarbon oils, or oxygenated
hydrocarbons. For the production of saturated hydrocarbons, a specific energy of
the non-thermal plasma is from about 0.75 J/cm? to about 1.25 J/cm3. For the
production of olefins, a specific energy of the non-thermal plasma is from about 1.5
J/em® to about 2.0 J/cm®. m some embodiments for olefin production, the specific

30 energy of the non-thermal plasma is about 2 J/cm3. For the production of
hydrocarbon oils, a specific energy of the non-thermal plasma is greater than about
2 J/cm3. For example, for hydrocarbon oil production, the specific energy of the

non-thermal plasma is from about from about 2.0 J/cm®to about 2.5 J/cm?3. For the



5 about 1 kWh/kg. In sonme enbodi nents, the overall energy consunption is
about 1 kWh/kg. In sone enbodi nents, the overall energy consunption is from
about 0. 5woeoawsizel. 5 kWh/ kg. Hence, the activation enecgwruzdiomensti on
paths (2)-(5) are sufficiently | ower, Jfan in barrier discharge processes.
During operation of the hydrocarbon gas conversion system the duration of
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140, a byskadcpoboihegferdstocic BgARRydtdrison ¢s gragtier 1h8n afut|d09s! mtethet he
rea%l on hanber 110 is in conmuni cation with the hydrocarbon gas source
12020t he 8is, 1818 conversiQbnpased. upon the deedsteplt ﬂlahéchwdﬁoqar@sn B and
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el ectrode, as illustrated in el ow. The gap, or discharge region,
290, i stonabpet t98%nen- trogy mnugm&%n@ 2bodit §!ﬂ%r de same némbatdedents the

mai ntai ned. As il ustrated FIG, 2, . the dis e region 29Q is | ocated
i mredi at@NEIERGY A y'?(ﬂgl GEQ,H PPRANE fseep@ Fgﬁ{ gygr%%(ﬁ?"ﬁgﬁqfﬁ t?\téoat
reacti OQOW@ngutZg@%the trough 250 having a first wall 251, a second wall
252, and a basin 253. The first and second el ectrodes 210, 220 are al so
Iocated in close proximty to the trough 250, with the first electrode(s)
210 | ocated near a 30 top edge of the first wall 251 and the second

el ectrode(s) 220 |located near a top edge of the second wall 252.




The body 230 of the reaction chanber 200 is a substrate that provides for
mounting of the first and second el ectrodes 210, 220 and in which the

t rough 2580 203/@858/ 093736PCT/ RU2010/ 000032 16 i s for me@¢CcTRu20Bimloan32
materials for the body 230 include inslljéat ors known in the art, such as,
but not limted to, plastic materials, Such as pol yethyl ene, polyethyl ene
t er epht hal at , 1Nyl |

styrene, and%lfgﬁg?oﬁgwgg-qﬁgfghér %{gféé%d&héﬁgg%%ﬁ ?gkgﬂﬁésg&ﬁ?ﬂ&%
enbodi mephsersidresysidgn 0@ B0shiasvmektee systemiTed0,ancludes a redstishaamierF 1@ 4,

of 11 roin Which Aones tHeunab atidfe dRebarasias Tas e raled sugnmasgaiash e st
el ect r odegtel 9 lebhﬁc%%gﬂﬁhi%heﬁéjféﬁ%%\ﬂréps%?cé?@@,&é‘{iﬁgig%q]rbﬂﬁt guafhar ge

oan
gap 490.  Each o? the first el eCtrodes I'S connecte capacitor 10
411 6o 440i adydaocartarugaosodrce2] 20, andladebgivar §50 vAs ilagpérated tee reactiqor t

413. Alsp inclu are a liquid sorbent inlet 415 a gas inlet ( hown) ,
a gas kePR?@&%nqigfsf'Hr CQ@EﬁW'HSEQnC‘HUérthFO yd@careop hgas e?ﬁ’(':‘lr?%n%aﬁ}?er
and di sehdiges15aN8naY entdPsofor receiving screws or other fastening
devices to secure a cover on the reaction chanber. The trough 450 may be
connect ed t oAs itestrated indd&iSvihgndrka regction ohember @0O0ninckudesda @luratibnnel s
445. As usgd, herein, th hrase "radial channels” is used to r to any
channel © st g{eﬁﬁmeée? oHﬂHEPi AL a“M ﬁgt Bhré’“@Z‘I IC@&aPHR_rSr iﬁ Vi & hat
i's qDt halgH-06R4AGE serirée 0 e PBadtih RARNRET 200Talsd tdInass i0PITHRNDS -
and is not limted to an annul ar arrangenent, but nmay be related to any

annul ar segeng glarirodas 220 thatrarergrangdadnt hefirstielecirodes 24Adnd ihegacorthe

that CasCIpiREEs: 22hare Aoned sEbSnafEedh i ARG Gue Z10™uds F 2bired Stk "
trough éRdtroned22e, bhg a@ spacad fidhe sy BABthedNBy Br §EHICEE disciapgarBgbn N

t he trough 450 concomitantly increases, the sorbent and hydrocarbon

pr oduced9Ps Asohiawie dn thbGa3e§he ddurality o dirsihelagtiodes 2h@ apghtheapluralityi 9f ng

s 0= _ . S
omge Sacofid I dRaeb Y6 iaybE i dtE, dollis NS sOBstana fiy FBliednEPplane
sor bent irf & timeahtashicrudiGST I2earnid Gunb réRRed il tiateFIGr 3B aetopadéwlof chigsgly( s)

445 are also configured to maintain the | evel of sorbent, and anéﬁgo uced
hydr ocafB8RIeAnseniess of siestresies, while fdGgl2 is Agsidesdewrefea smale, elesdrasiee or

nore ragi ) I . . . ed
nyr ocaphandt 17 BRElenerbBgRReA e I ikpor i3f RS Al e BluBigfof
drai n | second afedtieesomaybeoardngeddnisubstentiallgugrizébtaliplgene#san.annular  The
el egbrodes are made of conﬂuct ors for the efficient conductance of voltage

t hr 6Hgh2tRBIB M B thaldhe) Tst elardeodrs ate Iqnaipd v @ EirewpRar@naaneent\o
2011/ Q%Zé@ﬁ&"@e’%%@?/g@%ﬁéé aré 13HSI PR a RhcBAtrid l:(f‘ﬁn%ﬂatr&ndre[]rﬁéht, and
chromium nickel, gold, silver, copper, platinum palladium eni um

r ut heni each whltlyd diestietectrodgs thas,a pairadisespndagiadirode, as ilssratéeire6fG. ©xi des
t her eof E)r aphite, or the like, iron, chromum nickel, gold, silver,
copper, bﬁ i num yttrium iridium palladium rhenium ruthenium

nol ybdenum u ten, 4td i adi P | reof I des r eof ,
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chanber. As the |iquid hydrocarbon products are fornmed and the vol une of
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the recgvery of the oduct in t receiver.. Becaus [ Qui orbent is
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edge of the second wall 252.
The body 230 of the reaction chamber 200 is a substrate that provides for

mounting of the first and second electrodes 210, 220 and in which the trough 250



15 noted herein, the product distribution nmay be adjusted based upon the

hi gh-vol t age power supplied to the el ectrodes and the selection of the
gaseous hyodnooanbnes used. As shown in FIG 5, porcTAtRosldomss for
the reservoir 540 to be initially char §d Wi th sorbent 245. The reservoir
540 serves to hold an anount of sorbent™ 20 245, and is for initial
coIIect
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reference nu eservolr 540 to circul ate a liqui
sor bent 2B80np nfade fedmovirgflarhr ough the reaction chanber. The reservoir system
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cat al yst. In other enbodi nents, the trough does not contain a catal yst. 25
As Bbt edonméctedatonb yeintaiderifar pbﬂechm;gnghe Z50doted Hydreaatbons arhrarsbebemoo is

ti . i di th t h I d
ot ai yatront FHE diuigh, e ESUaE 4Rt ald P bhmoEned o S 44 pis o™
liqui d BYR@GRIDRN rhAhtEh itpe- |e$é| bakbeoest %d(ffan?%%'cbboﬁﬁrfo%%r% upat ed

hydr ocar bon” production include, but are not limted to tes, alum na,

aI UIT'DSI tlose, praximiby ho 4 bé aglicking BIIBoéIaegenTbumfther onporimotd iradishchandelks), 11 A
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include, but are not linmted to, zeoli an oxi de of an el enent of
trough 450 increases.

The electrodes are made of conductors for the efficient conductance of

voltage through the electrode. The electrodes may be prepared from materials



WD 2011/ 093736PCT/ RU2010/ 000032 19 Groups IIB (Zn, Cd, and Hg), IVB (C, Si,
Ge, Sn, and Pb), VB (N, P, As, Sb, and Bi), or VIB (Cr, My, W, elenents of
G oup VI IWB20H@93Be, Os, Co, Rh, Ir, N, Pd, and Pt), orca/Rustin0en3ef any
two or nore such catalysts. Suitable c%al ysts for hydrocarbon oil
production include, but are not limted to, cations, netal oxides, and

conpl exgﬁ?ﬁ & duthat! 1B $o oo &H’f%?nihhﬁni%kél?gg}ld{%ilvg% cHpf yrlﬁim%, a

m xture of any two or nore such catal ysts. Sui e catalysts f
oxy genapatadiydn odeniion, prtbéoatn omolybdanan, tungséere, titahidnm waredliom, adbgsrent s

f G I1TA [|VA I B, 1VB r VIIB, I Xt of V! ] h
cat al ys fierepteondiFsdberints repie ner e, e arahe BT BEKRY GRBUPBIT
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to reach areas, suc -shore Ing rigs and environne
sensit i fengsteas titanitieg iveeadiuro egloysTtherdef;i mddesaithereaf agriaphite, cothedikeng

natural ,gas i.nto a stable fuel such as diese asoline. (benzin), |ight
Synt het AESBYNGer sSiRecRRPERDIS i siedtities 46 SraRaic caree. ThURSfbr  ed
over t hgorRAEmMRAMNtS, 3 Imétal-PadbBas¥cirt8t i§ GRaSRIeE lcovedcl es. 15 As used
herein, "about"” will be understood by persons of ordinary skill in the art

and will var ¥lGo59sran dustratiodepcthei iguidsombent systermexthera thhilekel of the
used. If. there are.uses. of. the termwhi.c re npt,.clear. to persons of

or di nar JAURS PRt i aREnfaingd o o eReMiah tndl o i fidhie' S RBELR U dar,,

wi | lHomegicumRtion thrdggRthdiradstidd¥hamBdie ABahki IRjdidhyHesEBrbdRASrodsets RS ei n,
"plurality"” refers to two or nore of the itens used in conjunction with the

term Firmescdepddhexvoimexfithe lisuidksediand gencenytanilyancraasesoths ingpease

Cecs oo U pPie B3 RO EUBEbLEYSS: &R BRRARIIN 0k bokfRrr BB thehetlo °
di mensi gofbelt ksheeldetdd go arsl dft theC samenadit §imiky Teverd 20 dotepbdsSition to the

illustratively described herein may sui tablti{\ be practiced in the absence of
any el eREPAUGEES, Ehevigeist RO Neaed fart senprationiafi thet pebict feemslispdd rsarhent, As

o SqbosRAehEldhn, Haonl Bl REATRIG mRIBA A Inechorld 800 highel i

"contai nIrng, expansive II'mitation.

Addi t i opaley suptietitontheasidciopeeidtie eoRlctivabiBeegasdrehRBotats®ts as
terms of description 30 and not of limtation, and there is no intention in

the useU8®dsuch terns and expressions of excluding any equivalents of the
Lo o oo IS RARCFIC S, SorP 9SS TR 906, o o S aoaas 1 ho
t echnol obgargedidithi soraehy 246h&hphease/oirc®’ setvasgtoelssledn ahlount\® sorbent
201%/OO9%Zg?apr%/is%%zr?r}i%Ioc(:)que%%ion of the product liquid hydrocarbons 215. As the liquid
hydrocarbon products are generated and absorbed into the liquid sorbent 245 in
the reaction chamber, the volume of the liquid sorbent 245 increases. As the
volume of the liquid sorbent 245 increases, the products flow to the receiver 550
and are collected as a liquid product 215. To maintain the flow of the liquid sorbent
25 245, the material is drawn (illustrated as reference number 225) from the reservoir
540 to circulate by a liquid sorbent pump (not shown) through the reaction
chamber. The reservoir system shown in FIG. 5, is illustrative of only one such
arrangement.
FIG. 6 illustrates that the reaction chamber 600 may include a first inlet 615
30 for liquid sorbent, a second inlet 620 for the hydrocarbon gas, a connection port
630 for a cable from the high-voitage pulse generator, a grounded connector 640,
and a product outlet 650.

As described above, the electrodes are arranged in a substantially horizontal
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hydr ocar bons inside the gas discharge chanber may reac 0% and nmay be
adj ust e@f bNawidr Wwdepearbopst that geeepreducets Foseekampie,y seledion hfgtpne

vol t age n r.. AL _the reactor outlet. liguid products ar

col | oot BEM GeBERElAL Hvarpbalily 5887 BHssamah eyt o Bt d8eBlfian o
tube i nppoducteNivhildl $s1eBRbM (STl Anothes i nbrrbxiyerisedr Rpdrogasissn TB¥d gag, escl ed
into the system Additionally, exhaust hydrogen, H2, rmay be coll ected and

. may ol | ec
used i nMixiyees rfasuehy hydspcadionst Mgy needt inra astiyedidfeant wisiripgtioneof

pul 280" Rrogucts DR et Prot i AR ERORRA e mpFociRED feet” ¥

desi gnedaées rngyi inclute, MBunteanoce, lirited f &g dbrghadled o gabraticheldaiggecinsi de
reactor. The repetitively pulsed high voltage generator is the main source

of ener §JIUWERE r dtydregantepSeneAENBA ofT t HENBHPAFBREr bbs-(gas UBBRIatesh
processyy %apbgﬁs’v&léqgﬁqr%m\gquﬁg %Q(e?g%osz 21 generator

i ncludes”thyristors as a for pul'se Torration, and works in
a repetitiveRefguingeayainde .FIGsnunBeandf3, aptionalipgtheatraagh@5) wfayddntain
gen%at grca glsstp 555 ﬁ1natt?sd aictrllvet Uvﬁh-l;gls)pl)gctztb re-forming hydrocarbon fragments from
the hydrocarbon, hydrogen, and oxygen radicals that each may be formed within
the non-thermal plasma. However, it is noted that the presence of a catalyst in the
trough is optional. As such, in some embodiments, the reaction chamber does not
contain a catalyst. In other embodiments, the trough does not contain a catalyst.
25 As noted, the catalyst 260 in the trough 250 of the reaction chamber 200 is
optional. However, in embodiments where the reaction chamber includes a catalyst,
the catalyst may be located within the trough to facilitate liquid hydrocarbon
formation. Suitable catalyst compositions for saturated hydrocarbon production
include, but are not limited to, zeolites, alumina, alumosilica, alumophosphates,
30 elements of Groups IA (Li, Na, and K), IIA (Be, Mg, Ca, Sr, and Ba), IB (Cu, Ag, and
Au), lIB (Zn, Cd, and Hg) or VIIIB (Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, or Pt), or a mixture
of any two or more such catalysts. Suitable catalyst compositions for olefin

production, include, but are not limited to, zeolites, an oxide of an element of



Table 2. Illustrative operating paraneters of a repetitively pul sed HV
generator Operating voltage 10 - 15 kV Peak current up to 20 A Maxi nium
peak powew020{1/de¥v3kPul se pol arity positive Voltage pul sepduraiimmosts2
hal f - maxi mum 35+ 2 /. 1S Pul se formTri?@guI ar Repetition rate 1 kHz Anbi ent
tenperature from+10 to +30C (| aboratory conditions) I|Input voltage

Groups IIB (Zn, Cd, and Hg), IVB (C, Si, Ge, Sn, and Pb), VB (N, P, As, Sb, and Bi),

or VIB (Cr, Mo, W), elements of Group VIIIB (Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, and Pt),

or a mixture of any two or more such catalysts. Suitable catalysts for hydrocarbon

oil production include, but are not limited to, cations, metal oxides, and complexes

5 of the elements of Groups lIA, llIA, IVB, VB, or VIlIB, or a mixture of any two or

more such catalysts. Suitable catalysts for oxygenated hydrocarbon production

include, but are not limited to, elements of Groups IIA, IVA, lIB, IVB, or VIIB, or a
mixture of any two or more such catalysts. |

The devices described herein are amenable to being modular, scalable, and

10 portable, thus making transport and use at otherwise hard to reach areas, such as
off-shore drilling rigs and environmentally sensitive areas, a facile process. The
devices are capable of converting natural gas into a stable erI such as diesel,
gasoline (benzin), light synthetic oil, kerosene and other hydrocarbon fuels that can
be transported over the road, sea or rail in ordinary fuel transport vehicles.

15 As used herein, "about” will be understood by persons of ordinary skill in the
art and will vary to some extent depending upon the context in which it is used. If
there are uses of the term which are not clear to persons of ordinary skill in the art,
given the context in which it is used, "about™ will mean up to plus or minus 10% of
the particular term.

20 As used herein, "plurality” refers to two or more of the items used in
conjunction with the term. For example, a plurality of electrodes may refer to two
or more electrodes, or as many electrodes as necessary for the construction of a
device containing the electrodes, and limited only by the physical dimensions of the
device and its components.

25 The embodiments, illustratively described herein may suitably be practiced
in the absence of any element or elements, limitation or limitations, not specifically
disclosed herein. Thus, for example, the terms "comprising,” "including,”
"containing,"” etc. shall be read expansively and without limitation. Additionally, the
terms and expressions employed herein have been used as terms of description

30 and not of limitation, and there is no intention in the use of such terms and
expressions of excluding any equivalents of the features shown and described or
portions thereof, but it is recognized that various modifications are possible within

the scope of the claimed technology. Additionally, the phrase "consisting essentially



Si ngl e- phase line, 110 V/60 Hz Cooling A r Dinensions hxdx/ nB 0.15 x 0.3 X
0.4 nB Weight (with transformer oil in a high voltage unit) about 27 kg

Pl asnma chwoi2oalossact or. The reactor includes a gas di setamyomacder 20
and provides conditions for an efficie radical formation and liquid
species formation. It provides energy livery to the gas discharge,

of "t ol i BeSlinBlstb8 LS hRRIE e SidrBblis, sPYLMEaP de it AT HEGRY T
t he fi gudditidbnalal@reerts that detrmrimateriBipatiect tHy basistandmovd| @pdtactetisige

from Generator Electric power_up to 25 WAnbi ent tenperature from+10 to
+30C (| ehshecirineshirghnalegy. The phrase "consisting of” excludes any element not

specified.

5 All publications, patent applications, issued patents, and other documents
referred to in this specification are herein incorporated by reference as if each
individual publication, patent application, issued patent, or other document was
specifically and individually indicated to be incorporated by reference in its entirety.
Definitions that are contained in text incorporated by reference are excluded to the

10 extent that they contradict definitions in this disclosure.

The devices and methods thus generally described above, will be understood
by reference to the following examples, which are not intended to be limiting of the
device or methods described above in any manner.

EXAMPLES

15 Operation of the devices described herein includes introducing a gas mixture
that includes light hydrocarbons in to the gaseous hydrocarbon inlet, and directing
the gas mixture through the gas discharge chamber which includes a non-thermal,
repetitively pulsed gliding discharge. When the light hydrocarbons (C,-C,) contact
the non-thermal, repetitively pulsed gliding discharge, the radicals that form
20 re-arrange to re-form saturated liquid C4-C,, hydrocarbons, and hydrogen gas.
Both of these materials then exit the reactor for collection. The conversion of the
hydrocarbons inside the gas discharge chamber may reach 90%, and may be
adjusted by varying the output power of the repetitively pulsed high voltage (HV)
generator. At the reactor outlet, liquid products are collected. Waste gases (H, and
25 residual C4;-C,) are exhausted via a gas tube into a vent. Alternatively, residual
hydrocarbon gases may be recycled into the system. Additionally, exhaust
hydrogen, H,, may be collected and used in other reactions or for other uses, or

may be exhausted to the environment. v
Repetitively pulsed high voltage generator. The repetitively pulsed high
30 voltage generator is a semiconductor generator that is designed for ignition,
maintenance, and feeding of the gas discharge inside reactor. The repetitively
pulsed high voltage generator is the main source of energy required for

implementation of the hydrocarbon gas conversion process. The high voltage



Gas flowrate nore, than 6.3x10-8 nB/s Liquid flowrate (1-2)x10-8 nB/s
Wor ki ng capacity 10-8 kg/s WO 2011/ 093736PCT/ RU2010/ 000032 22 Di nensi ons
di anet er woQo#/mp73kei ght - 0.05 m Wei ght about 3 kg Exaowhra2di0/0edzi d
sorbent was first added to the liquid gprbent reservoir and 5 the level is
adjusted to be just below the receiver tube inlet. The process is conducted
at the SRR SRt SBARI

propaneagﬁ%gdggrm%as mrl)%%ddrﬁsga at géé]? rg;f(?rogg?pmgéﬁm%o ear?dl Vr\ll?%sduced
t 0 t he ineacepetitivdinpodsechtmade. |Aonundier cn‘fowm]atmglpmamqteﬁssof_HM gendatoml

octane was used . a sorbent. The specific energy deposited into
the gas@fsePreFRt ?La 'BRE@J%%% J/cnB, the repetition rate of high voltage

pul'ses ygpiSol IMisttARR: SBerating é%n%t%?@%?%er&%‘?lt@émge@l#\?tgre‘h‘é‘?éto\f"as 1.5

cm The reaction was operat ed for one hour. During this tinme, 96.5
| i qupd [condensate wa coll . The Trqurd condensate S %g\gom nant y a
m xt ur € al kanes ( Peqa'”%7’° B% . 1n the expbrinments saf ety
recautj ons were obser di ng 15 using cpre whe F;’rg@ al |
gl ect rl cohhReet | nncmig.& dndr?\.Eél#| nngnr nnn:\_r Vgnt | at | nnrlJ 'I\‘! Sczt@gélhn pulrs -\d
power source was prMpﬂmMngﬁeamdedrerexhaust gasps were VROO kWated, treated,
or captgred; tHe SuUpports and Surfaces Were efreptricatty tnsutattng, o at
| east wel | grounded: aﬁdlSQrFPQiﬂflt)b generator inifiation, RORt¥s flow was
run forfa ti Suffl F eélt Eﬁ? IF residual alf 1nsi de t5he reactor.
20EQUI VALE tage pulse dura |on at half-maximum +2 us
10 : Pulse form Triangular
Repetition rate 1 kHz
Ambient temperature from +10 to +30°C
(laboratory conditions)
Input voltage Single-phase line,
110 V/ 60 Hz
Cooling Air
15 Dimensions h x d x I m® 0.15x0.3x0.4 m3
Weight (with transformer oil in a high voltage about 27 kg
unit) :

Plasma chemical reactor. The reactor includes a gas discharge chamber
20 and provides conditions for an efficient radical formation and liquid species
formation. It provides energy delivery to the gas discharge, implementation of initial
gas conversion into liquids and a quick removal of them from the discharge area.
An outside view of a reactor is shown in the figure 2.

Table 3. lllustrative Reactor Information.

25 Input voltage from Generator
Electric power upto25W
Ambient temperature from +10 to +30°C (laboratory
conditions)
Gas flow rate more, than 6.3x10® m¥/s
Liquid flow rate (1-2)x108 m3/s
30 | Working capacity 10" kg/s




The present disclosure is not to be [imted in terns of the particular
enbodi nents described in this application. Many nodifications and

vari at i onwoean/dgrsgade without departing fromits spiriPcamizemnmoens2zas wl |
be apparent to those skilled in the ari, Functionally equival ent nethods
and conpositions within the 25 scope of the disclosure, in addition to
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t he forpfonegsidascri pti ons. Such nodi f i|cdiaimeter atd2vay hatghanrs0.&5emi nt epnded
to fall[wihin the scope of thé appenddqd clains. IThe present disclosure is
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conprising: introducing a gaseous hydrocarbon into a reactor conprising:
a BEQraI ity of first electrodes, EQUAWVARENTSIual | y connected to a pul sed,

The present disclosure is not to be limited in terms of the particular'

embodiments described in this application. Many modifications and variations can
be made without departing from its spirit and scope, as will be apparent to those
skilled in the art. Functionally equivalent methods and compositions within the
25 scope of the disclosure, in addition to those enumerated herein, will be apparent
to those skilled in the art from the foregoing descriptions. Such modifications and
variations are intended to fall within the scope of the appended claims. The present
disclosure is to be limited only by the terms of the appended claims, along with the
full scope of equivalents to which such claims are entitled. It is to be understood
30 that this disclosure is not limited to particular methods, reagents, compounds
compositions or biological systems, which can of course vary. It is also to be
understood that the terminology used herein is for the purpose of describing

particular embodiments only, and is not intended to be limiting.



5hi gh-vol t age power source; a plurality of second el ectrodes that are
grounded; and a trough; the plurality of first electrodes being separated

from t he Wwbuhaldos¥ss0f second | ectrodes by a di scharge regirgiod@onizs oduci ng
to the trough-a-liquid sorbent; gener aé%ng a non-thermal, repetitively
a

pul sed gliding discharge in the disch e region; and producing a liquid

hyd b k4 A LMy ' I th
) quid-Sor bett s ey fodtife LR ERERAl, of Akl el B eyt 1

di schar germisegf Markush groepsrihoss skilfedGhahen drt withegignize thiataheafisclbsare
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react or H?ésrﬂﬁggiot ﬂgen%é}gp/?%%{)gﬁﬁe process of Claim 1, wherein; a specific
ener §y of thAsplildeundefstood dyoone GkRled/ innBet art afoouiny?and Miopdpodss, The
process of Caim1l Wner;ai n the gaseous hgdrocar bon is a
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wher ei nthareofjaSmy listddy carggeacborbd ersierrecognized as sufficiently describing and

enabling the same range being broken down into at least equal halves, thirds,

10 quarters, fifths, tenths, etc. As a non-limiting example, each range discussed herein

can be readily broken down into a lower third, middle third and upper third, etc. As

will also be understood by one skilied in the art all language such as "up to,” "at

least,” "greater than,” "less than,” and the like, include the number recited and

refer to ranges which can be subsequently broken down into subranges as

15 discussed above. Finally, as will be understood by one skilled in the art, a range

includes each individual member.

While certain embodiments have been illustrated and described, it should be

understood that changes and modifications can be made therein in accordance

with ordinary skill in the art without departing from the technology in its broader

20 aspects as defined in the following claims.



conprises CO2, air, or oxygen. 9.The process of Cdaim1l, wherein the
gaseous hydrocarbon further conprises CO2. WD 2011/093736PCT/ RU2010/ 000032
25 10. Theopooowsmseof Cl aim 1, wherein the reactor furtlrer/romweenss a
solid catalyst. 11. The process of d %én 10, wherein the solid catalyst
conpri ses alumna, alu I lica, an al um nophosphate, Li, Na,
K, Be, My, Ca, Sr, 5Ba, Cu, Ag, Au, c,zﬂu , Hg, Fe, Ru, Gs, Co, Rh, Ir, Ni,
Pd, Pt, or a mxture of any two or nore ereof. 12. The process of Caim
1, wherein the | i quprdcees lwembprisingasol i ne, di esel fuel, kerosene, a liquid

aI kane, or qAure of an t wo nore such materials. 1013. The process of
daim 2, WneFET UCIRg 0% O&’%T‘Yfgm@aﬂb%%ﬁgf)g%r?%d@ﬁcpﬁép%?'ﬂ@r of about 10

ns. 14.The procesg @it bf‘hﬂs%g&%?c? é;oe%cth'nﬁﬁ\ﬁ&ﬂgbout %‘e&@érgﬁégébor to

each discharge is froma out rom ps t
fronmbabout 20 ps to 50h;gﬁyobagespcm&rmﬂo£6eps 1515. The process of Caiml,

wherein the |liquid hydrocarbon conposition co rises s rat ed hydrocarbons
and a specific enarrgyr%ﬁvpﬁéeﬁeﬂd[a%?mﬂes tradiees e[g(;yryjierdj as'?éﬁ gas discharge

is about 0.5 J/ cng t d@pout 2 J/cnB per pulse. 16. The process of Caiml,
wherein the |iqui )car bon conposition 20conprises ol efins and the
speci fic energy othg Ipdyrabty- ohérstadlectredes itaing Isgppudteddfrgeas thig pturalityeoi s
about 2 J/cnB per pul se.
second lectrodes by a discharge region;
10 introducing to the trough a liquid sorbent;
generating a non-thermal, repetitively pulsed gliding discharge in the
discharge region;
and
producing a liquid hydrocarbon composition.
15 2. The process of Claim 1, wherein a level of the liquid sorbent in the
reactor is maintained in close proximity to the discharge region.

3. The process of Claim 1, wherein a duration of a single pulse of the
non-thermal, repetitively-pulsed gas discharge reactor is less than 100
ns.

20 4, The process of Claim 1, wherein an electric field strength inside the

a non-thermal, repetitively-pulsed gas discharge reactor is less than

8 kV/cm.
5. The process of Claim 1, wherein; a specific energy of the plasma is
from about 0.2 J/cm?® to about 2.5 J/cm?.
25 6. The process of Claim 1, wherein the gaseous hydrocarbonisa C;, C,,

C;, or C, alkane.

7. The process of Claim 6, wherein the gaseous hydrocarbon is
methane, ethane, n-propane, iso-propane, n-butane, iso-butane,
tert-butane, or a mixture of any two or more thereof.

30 8. The process of Claim 1, wherein the gaseous hydrocarbon further
comprises CO,, air, or oxygen.

9. The process of Claim 1, wherein the gaseous hydrocarbon further

comprises CO,.



17. The process of Caim 16, wherein the reactor conprises a solid catal yst
conprising a zeolite, a oxide of an elenent of Goups II1B, VB, VB, or VIB
groups, awoebemm@sizsof G oup VIIIB, or a mxture of any Prew/rIRor/00wse
thereof. 18. The process of Claim1l, whgrein the liquid hydrocarbon
conposition conprises hydrocarbon oils; and the specific energy of gas

di scharge isqpr Oml'ﬁ@%’rbcgsy&\;\@gaih?]?@/ﬁ%}eiﬁ-tﬁe‘}éﬁaﬁ)rﬁﬁﬂhgF‘Eoﬁ%ﬁﬁ%@%ﬁ?olf&"' se.

19. The process of Caim 18, erein e reactor conprises s cat al yst
30conprising a cacatalysta netal oxide, or a conplex of an el enent of G oups
[TA TITA 1YB VB, or VIIIB, .op a mxture of. any twq. or nore thereof. 20.
The process XE c E?“ﬁn ProGeest (ﬂfnqq{@ g@ekﬁ’ﬁ’?rﬁ'?d%%ag@& qaﬁqmlyﬁtercowlses.
20117 093736PCT/ RUBAMAIROSAFR0fcs 0oL iRRoBROIPAald ¢, Na e BEMMBAL0B | S
lower, than a flane ignition limt. The process of Caiml, wherein the
reacBor conpri sesBa, ol AgcAualpstCd;dngsr Fei Ry, €s$,des, Bh, &, dieids RYAOr IaVA,

1B, 1VB groups a | nts of VIIIB group..A device conprising a
non-t her rrgl , Pepeﬂﬂﬁ%g{%-w @%%%F‘i‘%ﬁeﬁ ¢ ggfcharge reactor conprising a
hi gh- vol t age 1povweThgqstoeess on Cigin @dwhe réinahedryid BBHsEst iBigalRoked ! digsel
potential; a gas inlet; a liquid sorbent inlet; a product outlet; a
plurality of firsfuell keressies ackiquidialkang, duraa nyixssa edamotwaort heore such
hi gh-vol t age povveh)aﬁ ﬂé%e; a plurality of second el ectrodes that are
grounded; and a t § v

10 13.  The process of Claim 2, wherein a time of a single discharge is on the

order of about 10 ns.

14.  The process of Claim 14, wherein a time to develop a charge prior to
each discharge is from about 10 us to 100 us, from about 10 us to 80
us, from about 20 us to 50 us, or is about 35 us.

15 15.  The process of Claim 1, wherein the liquid hydrocarbon composition
comprises saturated hydrocarbons and a specific energy of the
non-thermal, repetitively-pulsed gas discharge is about 0.5 J/cm? to
about 2 J/cm?® per pulse.

16. The process of Claim 1, wherein the liquid hydrocarbon composition

20 comprises olefins and the specific energy of the non-thermal,
repetitively-pulsed gas discharge is about 2 J/cm? per pulse.

17. The process of Claim 16, wherein the reactor comprises a solid
catalyst comprising a zeolite, a oxide of an element of Groups IIB, IVB,
VB, or VIB groups, an element of Group VIIIB, or a mixture of any two

25 or more thereof.

18.  The process of Claim 1, wherein the liquid hydrocarbon composition
comprises hydrocarbon oils, and the specific energy of gas discharge
is from about 2 J/cm® to about 2.5 J/cm? per one discharge pulse.

19.  The process of Claim 18, wherein the reactor comprises solid catalyst

30 comprising a cation, a metal oxide, or a complex of an element of
Groups lIA, llIA, IVB, VB, or VIIIB, or a mixture of any two or more
thereof.

20. The process of Claim 1, wherein the gaseous hydrocarbon further



the plurality of first electrodes being separated fromthe plurality of
second el ectrodes by a discharge region. The device of C aim22, wherein

t he trougwoeomwsmses a solid catal yst. The device of C acmiEReiodoansei n t he
solid catal yst conprises alumna; al urrgéi |l i ca; an al um nophosphate; a
zeolite; a netal oxide; a cation; an oXrde of an elenent of G oups IIB,

e e 1, PR QEARIIRG Ol  Bloe s PR ¥

of Goups IlA 11 m Xxture o

t hereof. The devi gmief C aim 22, wherein the high voltage pul se generator
is configured to deliver a single pulse that is |less than 100 ns. The
devi ce of O &lm 23hepecesnot Gga'%ﬁd’(%?rei'%t%ﬁqcéﬂrrmﬂsﬁﬁ SAYE catalyst

electric field st ESH%%iin}(fg?%%éﬁ*@@ﬁ%dﬁ/{kﬁﬂmlvlhﬁwwaﬁr ggo@s Sh@eBénts

wherein the reactor I's c 0 provideé a dist aving a specific
ener gy of from abofivIiiB gmoapout 0.1 to about 5 J/cnB. The device of Caim

22, wherein the plurality of first electrodes and the plurality of second
el ectrodes aPé- nolntdRYi¢d SOMPASING %o&?.r"th\%“fd)l10%9@33%'#(9‘/'@%&09@715&)032

27 29. The device i wWaghslidinghe plurality of first electrodes
and the plurali tydgChgé o%ggﬁoéctro'gésn re arranged annularly nmounted to a

react or body. 30. aTheghlevitageofpder nsRfBcewoenéigaradhetd r pugfide saf puissd! | n
the reactor 5body in a ring. 31. The device of C aim 30 the reactor body
further conprising onehéﬁh'%ﬁuég?élﬂtﬁm@hannel s connecting the trough to a
cenygpal region of jt [féct or body. 32. The device of Caim22 further
conprising a liquid sorbent reservoir. 1033. The device of Claim22 further
conpri si ng a receavauid 34rbdieintityi ce of C ai m 22, wherein the trough
conprises polytetrafl uorgethI L_ene. 35. The device of Caim22, wherein the
first and second &R Qé’% nprise iron, chromum nickel, gold, silver,

copper, platinum 5 Bpdfify lofMirst rélecHBdeBabhdnli iHBIVIdUIEAR eBhnedidieRbUtRe
nol ybdenum tungsten, titanium vanadium alloys thereof, oxides thereof,
graphite, or a m xturehigh-zoltagewayemnsousceher eof .
15 a plurality of second electrodes that are grounded; and
a trough;
the plurality of first electrodes being separated from the plurality of
second electrodes by a discharge region. -
23. The device of Claim 22, wherein the trough comprises a solid catalyst.
20 24. The device of Claim 23, wherein the solid catalyst comprises alumina;
alumosilica; an aluminophosphate; a zeolite; a metal oxide; a cation;
an oxide of an element of Groups |IB, IVB, VB, or VIB groups; an
element of Group VIIIB; a complex of an element of Groups lIA, llIA,
IVB, VB, or VIIIB, or a mixture of any two or more thereof.
25 25. The device of Claim 22, wherein the high voltage pulse generator is
| configured to deliver a single pulse that is less than 100 ns.
26. The device of Claim 22, wherein the reactor is configured to provide
an electric field strength of less than 8 kV/cm.
27. The device of Claim 22, wherein the reactor is configured to provide
30 a diséharge having a specific energy of from about from about 0.1 to
about 5 J/cm?.
28. The device of Claim 22, wherein the plurality of first electrodes and

the plurality of second electrodes are mounted to a reactor body.
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29.

30.

31.

32.

33.

34.

35.

27

The device of Claim 28, wherein the plurality of first electrodes and
the plurality of second electrodes are arranged annularly mounted to
a reactor body.

The device of Claim 29, wherein the trough is formed in the reactor
body in a ring.

The device of Claim 30 the reactor body further comprising one or
more radial channels connecting the trough to a central region of the
reactor body.

The device of Claim 22 further comprising a liquid sorbent reservoir.
The device of Claim 22 further comprising a receiver.

The device of Claim 22, wherein the trough comprises
polytetrafluoroethylene.

The device of Claim 22, wherein the first and second electrodes
comprise iron, chromium, nickel, gold, silver, copper, platinum,
yttrium, iridium, palladium, rhenium, ruthenium, molybdenum,
tungsten, titanium, vanadium, alloys thereof, oxides thereof, graphite,

or a mixture of any two or more thereof.



